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Abstract 
This article reports on the detection of droplets flowing in a microfluidic channel by performing electrochemical noise 
measurements. The microfluidic system with microelectrodes integrated in the channel was fabricated using standard 
microelectronic techniques. Droplets generated at T-junctions in the microreactor induce fluctuations of the impedance when 
passing between two electrodes flush with the floor of the channel. Experimental variations of impedance were measured using a 
specific home-made electronic device. The results show clearly that the electrochemical noise technique can be used for particle
detection in microreactors. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of EUROSENSORS 2015. 
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1. Introduction 
Many industrial processes involve multiphase flows, in particular those involving two phases where a gaseous, 
liquid or solid phase is dispersed in a continuous liquid phase. In order to characterise the dispersed phase, many 
techniques have been developed and those based on optical technologies have emerged over the last few years as 
standard tools. They are widely used for dense multiphase flows in industrial processes but also in microsystems for 
cell sizing for example. However, the main disadvantage of these techniques is their dependence on the visibility of 
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the measurement volume and on the focal distance [1,2]. Thus, it is important to promote alternative techniques for 
particle characterization, especially those able to be integrated and allowing in situ measurements.  
During the past thirty years, the EN technique has been developed in our laboratory to study two-phase flows 
using electrodes immerged in an electrolyte. Indeed, the presence of discrete particles near the electrodes generates 
fluctuations of the current, the potential and also the electrolyte resistance between the electrodes because of 
screening effects. This technique has been successfully applied to characterize the composition of oil-brine mixtures 
in a flow-loop cell, to determine the size and departure rate of bubbles on a gas-evolving electrode, or to get a 
detailed view of the approach and residence time of microcapsules close to the electrode during composite plating 
[3-5]. 
The aim of this work is to assess the possibility to use the electrochemical noise technique in miniaturized 
systems as an alternative technique for particle characterization in two-phase flows. 
2. Experimental 
2.1. Microreactor design and fabrication 
A schematic illustration of the microfluidic device and a photograph of the device fabricated are showed in 
Fig. 1. The microfluidic device was fabricated using conventional microelectronic techniques, especially 
photolithography, lift-off and replica molding techniques. Droplets were generated at a T-junction between the 
continuous and dispersed phases. To obtain droplets of different size, several inlets (ranging from 5 Pm to 50 Pm in 
width) for the dispersed phase formed T-junctions with the main channel. Pairs of microelectrodes of different 
spacing and width were fabricated on a glass substrate and integrated along the main channel.  
(a)        (b)
        
       (c)
           (c) 
Fig. 1. (a,b) Schematic illustration and (c) photograph of the microfluidic device.  
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Gold microelectrodes were fabricated on a 3-inch glass wafer using photolithography and lift-off techniques. A 
10 nm chrome layer was used as adhesion promoter between the 200 nm gold layer and the glass substrate. Both Cr 
and Au layers were deposited by physical vapor deposition (PVD) technique. The microfluidic channel was made in 
PDMS by replica molding using a SU8 master of 100 Pm in height that was beforehand produced by 
photolithography. The PDMS structure was then bonded with the glass wafer containing the microelectrodes by 
oxygen plasma treatment. 
2.2. Electrochemical noise technique 
The home-made electronic device used for measuring the impedance fluctuations due to the passage of droplets 
between two microelectrodes is presented in Fig. 2 [5]. The two electrodes were polarized at the same potential 
using a home-made potentiostat and a sinusoidal voltage of about 50 mV peak-to-peak amplitude and high 
frequency (100 kHz) was added to measure the impedance fluctuations. This frequency was chosen to reduce the 
effect of the electrochemical double layer of the microelectrodes. 
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Fig. 2. Electronic device used for measuring the impedance fluctuations due to the passage of droplets between two electrodes. 
The current response, measured across the resistance R, was first passed through a capacitor to remove any 
residual DC offset, then amplified and high-pass filtered to eliminate low-frequency fluctuations. The signal was 
then rectified by a diode and integrated by a low-pass filter. The amplitude of the output signal, vZe, is function of 
the impedance modulus Ze, so that the impedance fluctuations due to the passage of droplets were determined from 
the measure of the variations of the VZe signal in real time. 
3. Result and discussion 
A digital camera was used to visualize and measure the size of the droplets flowing in the channel. Fig. 3a shows 
a typical image of droplets. The two black bands represent a pair of microelectrodes (100 Pm x 100 Pm) for 
electrochemical noise measurements. The size of the generated particles depends on the flow rate of both continuous 
(H2SO4 0.1M) and dispersed (oil) phases. In this work, the flow rate of the continuous phase was maintained 
constant and that of the dispersed phase changed to obtain droplets of different size.  
Fig. 3b shows the fluctuations of the impedance due to the passage of oil droplets between the two electrodes. 
Each peak corresponds to the passage of one oil droplet. Since the oil conductivity was lower than that of the diluted 
H2SO4, the impedance increased when oil droplets passed between the two electrodes. In this example, a variation of 
the impedance of about 37 : was measured with the electrochemical noise technique, which corresponds to oil 
droplets of about 95 Pm in length. Moreover, it may be noted from Fig. 3b that the frequency of droplet passages 
was about 0.4 Hz (3 peaks for 7 s) and the peak amplitude was relatively constant, indicating that the generated oil 
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droplets were of the same size in this case. Therefore, the size of droplets can be determined from the measurement 
of the impedance fluctuations (more results will be presented in a future paper). 
     (a)                  (b)
Fig. 3. (a) typical image of generated oil droplets in the channel and (b) impedance variations due to the passage  
of these droplets between the electrodes. 
4. Conclusions 
In this work, we demonstrated the possibility to use the electrochemical noise technique as an alternative 
technique to those based on optical methods to detect droplets flowing in a microfluidic channel. Simple and fast 
standard microelectronic techniques were used to fabricate the microfluidic device with microelectrodes allowing 
electrochemical noise measurements in a PDMS channel. Results of numerical simulations and particle sizing 
experiments coupling electrochemical noise measurements with image analysis will be presented in a future paper. 
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